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ABSTRACT
-2-
silver_ Similar experime_ts on p_.]lladiumcog.ted silver wires lead to tLe
ezpeeted decrease of the creep rate, '_fheseres,,_Itsma,y be related to the com_
p]ete solub_llty of p_i_d±uln In s1],_,, ,.rher'_,_Iron I_ p_aetiea,lly insolu.
_l,blein thi_ metal,
}
If
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INTRGDUCTiOf;
We studled how the sur1'aee structure of a metal effects the creep _'ate0
Several investigatlonm are a,ailable which sho_, that surface preparation wlil
effect mechan_cai proper_ies_ Some of these measurements were eondaated in a
vacu_m enviroDment. However _n.most of _hese experiments, t_ s_ple was _e_[_d
in _ vacuum and the results were _ompa_ed wlth tests _n an 6Ltmospnere. It 18
therefore possible that qhanges in the mechanical pr.opertle_ a_'e nct solely due
to changes In the surface str;_ctu're,but _o changes _n t.he test a,.mosphe__. !,;
our ex_erlments,.tesZS were alway_ conducted in a vaq_;_m, 80 that zreep (naDges
are due to saml_le modificients i_ between the c[eep meas,J:_ements. These g._mp]e
modifications took place in the unloaded State, in whi,.'huS_ally air w_s
admitted to the sa_nple,
The first series of tests were executed on copper_ A de.tailed descr_p-
. tion of the experimental arrangement has been given in a plevious report, whic],.
contains as an appendix parts of a MoS_ thesis by A. G1annuzzi describlng
experiments and their interpretation. The results are summarized in Appendix I
These experiments show that the creep rate of copper may be reduced th'tough oxidation /
by a factor of f°oUro This is a mu_ larger effect than Was originally anticipated_,
This ts possible only because the surface/volume ratio is very iarge o The dlameter
of sample usually 0_01", so that the sample consisted practically only of a surface
layer (A surface layer 0°0025" deep would contain 75% of the sample_)0 1
I
- To mak_ sure that these results are not due to some e_petimental
uncertainties, Go Gorsha teste_ silver wire of O_,OlO" diameter in a similar way
as copper was tested° He found that the creep rate of silver' is not effected by
!
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annealing in air or by ._,:rgon.bomb_,rdjngo Silver oxide is only staele below 190_(?o
Our test_ wez'e alwas,s eondueted above !90". Therefbre, ou_' silver is with-
,i
out oxide films., NaturalLy, monol.-_.yers of oxygen on sllver may stil$ exist,, but
we were unable to de±e_* t,Le influence _uch la, yers _ on the creep r_.teo Only
in one case wc found that, the creep r._t,e of silver decre_eed ._,f'ter .)xlda, tjono In
this c'_,ee we _uspeet first &.rgot_ bomb-:_rding led to -_ sputte_q_@. O_ rJ,to_s of a
nlehro'me wi.re_ on to the _!lver wi:r0o .i_[).ie pr'odueed _ ;_,e',,,i t_.lm .af _nkc, oWn
compoaitJon, which oxJ.dJzed d,Jrlng aarle':,[JngJn _,Ir and Tednced the (_;r'eeprat_,
" i l i - . - |
c,o_-Ata,lns thO :abstr;J, et o[ Mr., aor'eb_ _a M. :_ thoc.lS wltl(',h -:,l_pe_.rc(l -.: _,!]
apl0endlx Ii._a p:revious report. ./\ppen_t/x]I[ 1.._ repr1,'_toil Aet._.NetaIInrt",i._.,
which de_e_Ibem t.l_e(::xperJ.me_li;sa_Ic_].nterpr_tation of our work.
Since our l,_st report, two new types o[' experCmeuts }m,ve been conducted.
The first =eries of creep tests w_.s d_;:e o;_ 7...--_Ingtetrysts.Is,, These measure-
merits woulzl_aliminat_ effects due to grain boundary. Further, the melting point
of tin is so lo_r that one ce.nobtain creep r_.te_ of O..O1/mi. a.t room temperature,,
_'herefore, the t_st pressure c:.%nbe kept much lower values than i_ our
,sts on copper and sil.ver_
The second series of tests was conducted o_ - pper _nd _ilver wires f
coa.ted with iron or (only for silver) with pa.ll%dlum_ We expected that such
exp4riments would show how meta,llic interfaces would effect %he creep trite.
Mr_ Ro Nazter J,Swor_i,ng on tLis programo Presently he is teaching at
a high school, instead of continuing hl,s gradua.te work° Yhe completion on his !
I
M,S, thesis is therefore deLu_ed._..This thesis will. be submitted .......i/l, _...fa___ori!hs_
as a t_chnical report.
!
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E_P_,hI[',_,[QAI, P[_OCE!);!_E;
Creep tests or_ Sn-Slng.le er,u_t_.tlswere eondueted in ease,_tially the
as.me way aa teat on eoppe!_ _,nd silver deserlbed In __ppendlx ITI.
Soi:;plez _ith metallle co,_tlngs were tested wJti:Ir'__ modified sample
support (',3eeVlg. i). The p_,r'ti6.1iy cos.ted w:[i_e wo.a wra.pped ar'oui_d the
upper wire support (A), ao theft the bl,_L_k -, ' f'Seu.tloh o the _;_re w_ pa_'s!l.el
io Lhe _;o,_ted _eotloi-_, Load[:, oI' equ.%'l, weIfzh_. _,,t_r'o ott,,o},od 1._._ tl:e t_4o see.,
* ¢
_'_.te_ should be, dt;e o_;1), be the sur'_',,ee 1'1 1.m_-,, which we'd:%' p_',:p_'_'d rb;V _' rv "J''pO r ''r
in the l_n_th ch_;_:lge Inoui.tori.ug system impi'oved 1.be ,.,c_:<i_.,.cy o.i' me._u_.emel_'ts
tO ",.bOU't 0,()]=_ _['Of lllei_tGuretliei-its :r'epr'odueed ;I.11/,'[/_t.lres (5 t,,.) ll.,
[
II
, ii i
1969002632-TSA10
I,E_.; ]i,.f_ AI'ID _),o _. ].:.3loH
. Tests on tin (l:ig, _,,J+)_ave rela+.Ive].y l,a,rgc_r se_tter. _,llthin experi,,
mental iJeeurs,ey, the c,_eep r:_te Is the Sa.m_ before _-uld _:l _er s.r_om bo_ibarding°
This is not surprl._ing° The l_ppe_.r'ance of the s_mple s Jrf_,ce did not ebr_nge
durtrlg argon Lombard_rig, indlc',_ting ttmt. We we_re ,,ot _,ble to remove eolfLp.letely
t,he surf,_c.'e oxlde l'iiI_is.
V]g'areS 5 to 7 _how r'o__.',,ilt_o bt_ined om copp_:r' wires oY 0,01': dJ_,let(_r,
']'hedecl,eo+_e Ji.L_.o!-_tter,oJ' d,',t_]po1|+tfl ]iJ ]"]_9_t'cs(<_I,_,i] Ill d_le Lo ,, ,,l,,,i_ge
I++ ez])erlmeiA+-+.i proeed_tra,,. 'J)i_e l[£O_.8%II'eltic+,[+l+ _how tjtot th(j llI_k,lor eJ,fl.i+-_e .1£, +<'+'eep
parr- 'be t;woel+ th<, (:oat{.+d l_.]+d tu+t,oat+_d +cc,+Llo++ or' 't,hl_J w:t,r(J (]CC|+_+'+ pf'eCJ¢)llllmhl,(+'i.y I[£
l.]+e pl:'Jlilo+r'y _,-.l++l+,oi' 'l+l;e <.,[,+++p (ttll,V(:, [].+b,e f'od_++,t;'.lo+_ In tho cl"G,op r+],tt+, d_.l@.-Lo cof_,t,,
]_ig wa_ oxpeul_d, Not oaly would the tlii_ifilm c_l'ry a i':['act_oi_of the load, b'ut
, it would strengtii<;ll th(: oxide film on the copper, so tbo, L the previously l_rOl_og_d
model to explain, the repo[.ted reduction in ct'eep rate due to oxidation would 'be
e
co n fitreed.
One has to keep ii_ mind tha,t tlle copper wlre 5ect:iou without iron film
b_s a similar or the ss_ne oxide film as the iron -_o0.ted--_._tion° These s&mp]es were net
cleaned by argon bombarding before iron was deposited+_'__..T/M.s_izalicates that the /
iron film _ffecbs the dislocation movement even through the oxide film.
We expected _ more pronounced reduction of the creep z.ate in iron costed
silver wire, because silver, h,_s no oxide filmo Surprisingly, we foun_ that a.n
iron film increases th_ creep rate of silver wire (Fi.g+8 and 9). ']_hisc_nnot
be attributed to experimen_l difficulties, •because identical tests on silver
wire with palladium films (Fig+ i0 and ii) show ass.in the _xpected decrease in
creep rates with sd_f_%ce coating.
I
-?-
° k_e ._dFpeet th.i* rt,]F' ef'f'er:t ]4 riS- *0 _r:r- f:r *t th,'-,' p:_[l_.dium fnrD_ ,-.
eOlllpLete se rleP of _o_.Id _-o|,,* lol.lfi wJ _ h _1 1',el' _l_¢ re.;_ i ro_] te r;c--3r_y lmml_e].ble
1,; eit,rer Presently _,re llt_y o!Jly _._er;_{_,_.r- or_ t[,e c¢_._.iec of' t_e loeFe_e of t_he
creep r_J.t.e due T.O r_.n iron £ilm ,Pi_, 1_ F_O'_Tr" Fehem-,tleiJ.Lly ._. i-Jypot]let.-[ee.L _;_mf,]e
cro_e Fe,_t_on [_e_u_e el the _o',_' mi_:c_bijlt',, of iron _i_ _/ve,r', good contact
betwee_ both l_:_f,erl_l_ 1._ e_.peeted Only _n ee/(eted _.re_;.m More eont_.et _la.y
de;!eIop durJ-nt:_ def'o_tlb.,'-.Jo_, l!_r:_e 1,,<,'..rl_ce ,_re_.e ,#:l..I..!. i..e reI(,!,_ _eL# _'e_,k
I.,ut t_ey wILl proh, l:{_,, ,_ot :j_,!.1i:,I1, do|'oi'lll4t.:IoI_ ]'}l_!y lllu.J .:_,e< :,_', St.I"r-'E_F r,_.1_erF_
or ti.e,'./ |ll_.y 8.c,l, %g _ d-|pJoull.]o_, e.our'ee, ttot,t_ (_l'l'er, t_:: t:,_-,!lJd J.c_u,d_!.o :_ c]<ul_9'_._;_k
:l.i, 6!.l"enEl,i_, More ez_er' Ii1_,J_.t:, ht,(, r',..9_il red t,o l!,vu_!,_i,_;_.!,e t.i_|F_ el'['out. _.{_d I'<4
].lll_Oir'_,bJ,l_O[3 I'OP thQ Q(#_[t:_]_ 0 t' {X__llipor_J.*.,i.k 111%!.oI"] _.Lf-.
I
' ,- . . , . < < , ,, .. .... I
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Creep tests on s_Iver -_.ndcopper w_res _,t clerk.ted tempera,tu,res in
high vacuum show tha,t modlfleations of the surface struet_re effects the
creep rate of copper and silver markedly. OXld_tlon, ,_,nd:ftr'nlybound metallic
surf_,ce t'ilms reduce the treeD r_te, _.Phesetests c._.mbe expl-%ined with standard
disloeat_o_t models.
Silver wires with an lrort surface film h_..ve n. hlgt!er creed thr,,_ t !.ank
wires,, ],'url;her st, iadl.es e_,rerequl.red to expt,.lu t.l,I8 phetaome.u_..,
:" _........ 7.7: °:. i:'i_>:............ ............ m-_............ _ ..... _'_...... ................................ ' " ' :
.... . ......... _ ....... >S_,.,.i,/-,_ ,,-..... . ...... ......... |
_4
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FIGo 1 CREEP TEST SYSTEM FOR PARTIALLY COATED COPPER
AND SILVER WIRE
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FIG_ 2 CREEP TEST ON TIN SINGLE CRYSTAL
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FIG 5 CREEP TEST ON COPPER WIRE WITH A DIAMEYER OF 0 01" J
r
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FIG 6 C "
_REEP TEST ON COPPER WIRE WITH A DIAMETER OF 0o01"
1
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FIGo 7 CREEP TEST ON COPPER WIRE OF 0,01 D1/LMETER I
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FIG, 8 CREEP TEST ON SILVER WIRE OF 0 0]" DYAME_ER
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" A1-PENDI7
AR3TF_ACrFOF M°C° :Z't}!iSiS
h' by A, OJannuzzl
A aeries of creep tests were per'formed or_ c:oim,_crelal grade _nd
high purity copper wire in high vnet.'_m_ 'rod at e tevrJ.ted temperatares to
det, erll_.irJe whether or i-Jot surface prepay, ration l]l rJI S [1'[] ef'JY_ICt eli the
ereep proper'ties of the c,oppc:r',
A speelnictl wus "clc.,q_od" by :,.pgoH io:_ bomb:_,_,,tIfle,.lt r,._Jd te_il.ed_ t,[Jer_
ox:idJ.zed and be.sLed L,.t t,bc, _;:J._le t,elnp_.,r',J t._tr,_- t,.nd ,'.,ppr-oz i.ll_a.te],y 1,he s:,.me
pressure, The r'esulgs i)JdJ, e'.tted I..l,:_t th(_' "ele,.Lcd' sample has a higJ_c;r
cr'eep rate than does the ox:td:ized sample,,
It is p:'ese_,tly not, poss:ible to propose a detailed dislocation
I model to explain the d_t,a,, However, the results may be expl.alned in
part in the following manner. The creep rage of the oxidized sample
is lower than lbr the "clean" sample because disiocat,ions may pile up
at the oxide surface or begsuse of oxygen' diffusion to grain boundaries
and to dislocations. This may produce a more brittle grain boundaryj
an increase of frictional forces on dislocations or the oxygen may _"
inhibit the operation of dislocation sources°
1
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AI:;PENDtX I I
A PL_PJV".! ' (.'F I_, _o ']VE,< ',<:
(/'_' by 6. Gorsh_
A series of hitch te_l_per.stur'e er'eep tests wer'e per'l'ormed in .u high
vacuum on high purity (99999%) polycryst:_,lli_e silver wire to detenlKhe
wheti_e_' or not a.n atmeal Jn a;tr lias a_ ef'l'ec.L ot_ the steady state creep
rate of the silver. The spee:imens wer'e "el_¢:,._ed" [9' _rCo_'. ]o_ i.cIiibard-
ment sfld ar'eep tested, '._.J_e_JaLme<:_]ed h: o.i_' _,._4i'eLested, ]_o {_i_ai:Cein
ti,e iliil_lIlll]f_i creep, fate of' silver' was l'otl_:_d
Since silver suppo_'%s 1,(,) oxide _ o.t i.],ese !A:liipeP&t*iP(=.8:i.lJcso
results helped to cow,Firm the l;t_eoP,;'t,tJat oxide surf:me :['illlls::_:I:'{.the
cause o_' decreases i',Jer'eep rates obser'ved Jn _m_,.logous tests on copper
which does support an oxide st_rt't_ce film,, The t,heory states that oxide
.(
films on the surfaces of metals inhibit the egress of dislocations causing
"_ them to pile up in a "debris l_yer" which produces ba('kstresses on the dis.-
location sources .._ereby lowering the creep r:_.t.eof the metal°
The results are particularly important to space vehicle design
since space environment cleat,s the surf'aces of exposed materials°
|
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